In this paper, we review the nontechnical barriers to solar energy use. Specifically, we draw on recent literature to help identify key barriers that must be addressed as part of the Technology Acceptance efforts under the U.S. Department of Energy (DOE) Solar America Initiative.
Introduction
In this paper, we review the nontechnical barriers to solar energy use. Specifically, we draw on recent literature to help identify key barriers that must be addressed as part of the Technology Acceptance efforts under the U.S. Department of Energy (DOE) Solar America Initiative.
1 A broad literature search yielded more than 400 references, which we narrowed to 19 recent documents on nontechnical barriers to the use of solar energy and other energy efficiency and renewable energy (EE/RE) technologies. The following were the most frequently identified barriers:
• Lack of government policy supporting EE/RE • Lack of information dissemination and consumer awareness about energy and EE/RE • High cost of solar and other EE/RE technologies compared with conventional energy • Difficulty overcoming established energy systems • Inadequate financing options for EE/RE projects • Failure to account for all costs and benefits of energy choices • Inadequate workforce skills and training • Lack of adequate codes, standards, and interconnection and net-metering guidelines • Poor perception by public of renewable energy system aesthetics • Lack of stakeholder/community participation in energy choices and EE/RE projects.
Below we describe our methodology, the documents reviewed, and the barriers most frequently identified. In addition, annotated references include detailed information for each of the key documents, including the technologies considered, the method of barrier identification, the geographic focus, a summary of the document, and the barriers identified.
Methodology
To identify the relevant literature, we conducted key word searches in a number of databases:
• Academic Search Premier • Business Source Premier We used two general strategies to search the databases, although each database required slight variations in search technique based on its structure. The first strategy used the terms (solar or renewable or photovoltaic) and barrier (s) . The second strategy used the terms (solar or renewable or photovoltaic) and institutional and (policies or policy). For some of the databases, the term energy was added to narrow the results to more relevant documents. Because the EE/RE field is evolving rapidly, we limited our searches to documents published in 2000 or later. These searches yielded more than 400 references.
We then narrowed the full list of references based on the following criteria:
• Documents focusing on technical barriers to solar energy and other EE/RE technologies (e.g., inability to make high-efficiency photovoltaic [PV] cells on low-quality material) were excluded.
• Documents related to developing countries (e.g., India and Bangladesh) were excluded, because these countries have considerably different market conditions compared with industrialized countries like the United States.
• Documents related to industrialized countries other than the United States were included but only when the barriers discussed were not too country-specific, i.e. barriers had to be general enough to apply to EE/RE issues in the United States.
• Documents were limited to those that had a specific purpose in the identification of multiple barriers and performed this task via explicitly identified information-gathering and analytical methods and sources. Numerous documents and Web sites mention barriers tangentially and others describe barriers in detail without citing methods and sources.
• Documents that generated a list of barriers based solely on review of past literature were excluded. Included documents had to contain some form of original research or analysis.
We considered documents addressing a variety of EE/RE technologies when these documents included solar technologies or included other EE/RE technologies with similar challenges to those faced by solar technologies. In addition, we considered documents cited within each of the references in the narrowed list. Ultimately, we identified 19 key references for inclusion in this report.
In this report, we focus on nontechnical barriers to solar energy use, including those referred to as "market," "institutional," and "policy" barriers. However, nontechnical and technical barriers can be related. For example, the barrier of high cost is affected by technical factors, such as PV sunlight-to-electricity conversion efficiency and manufacturing yield, as well as nontechnical factors, such as supply and demand. In the annotated references below, technical barriers are excluded when the documents explicitly distinguished between technical and nontechnical barriers. When the documents did not make this distinction, lists that mix predominantly nontechnical with predominantly technical barriers are left intact. Still, because of the documents selected, the most frequently identified barriers are predominantly nontechnical in nature.
Discussing solutions to the identified barriers is outside the scope of this report. However, most of the documents listed offer strategies for overcoming barriers, and it is worthwhile to explore these documents further. In addition, most of the documents contain references to other valuable documents about EE/RE topics.
Documents Reviewed
The 19 documents reviewed represent a range of sources, EE/RE technologies, analytical and information-gathering methods, and geographic areas of interest (Table 1) 
Nontechnical Barriers Identified
Below is a list of the most frequently identified nontechnical barriers to use of solar energy and other EE/RE technologies. The number in parentheses is the number of documents identifying the barrier, out of 19. Barriers with asterisks are expanded briefly following the list; the others are self-explanatory. For more information, see the annotated references and the original sources.
• Lack of government policy supporting EE/RE (13)* • Lack of information dissemination and consumer awareness about energy and EE/RE (12)
• High cost of solar and other EE/RE technologies compared with conventional energy (10)
• Difficulty overcoming established energy systems (10)* • Inadequate financing options for EE/RE projects (10)
• Failure to account for all costs and benefits of energy choices (8)*
• Inadequate workforce skills and training (7)* • Lack of adequate codes, standards, and interconnection and net-metering guidelines (5) • Poor perception by public of renewable energy system aesthetics (4)
• Lack of stakeholder/community participation in energy choices and EE/RE projects (4) *Lack of government policy supporting EE/RE. This includes the lack of policies and regulations supporting development of solar and other EE/RE technologies and the presence of policies and regulations hindering EE/RE development and supporting conventional energy development. Examples include fossil-fuel subsidies, insufficient consumer-based EE/RE incentives, government underwriting for nuclear plant accidents, and difficult zoning and permitting processes for renewable energy.
*Difficulty overcoming established energy systems. This includes difficulty introducing innovative energy systems, particularly for distributed generation such as PV, because of technological lock-in, electricity markets designed for centralized power plants, and market control by established generators.
*Failure to account for all costs and benefits of energy choices. This includes failure to internalize all costs of conventional energy (e.g., effects of air pollution, risk of supply disruption) and failure to internalize all benefits of EE/RE (e.g., cleaner air, energy security).
*Inadequate workforce skills and training. This includes lack in the workforce of adequate scientific, technical, and manufacturing skills required for EE/RE development; lack of reliable installation, maintenance, and inspection services; and failure of the educational system to provide adequate training in new technologies Geographic focus: United States Summary This paper describes the cost-effective energy efficiency opportunities that could be realized by overcoming the market failures and barriers that are causing an "efficiency gap" (the gap between actual investment in energy efficiency and the higher level that would be economically beneficial to consumers).
Annotated References

Barriers identified Market failures (flaws as compared with an "ideal market")
• Misplaced incentives: energy decisions made by an agent of the consumer are not in the consumer's best interest (e.g., a landlord does not install energy-efficient appliances because the renter pays the energy bills) • Distortionary fiscal and regulatory policies: policies remove incentives for energy efficiency (e.g., not setting energy prices based on time-of-use discourages consumers from using energy more efficiently during high-price periods) • Unpriced costs: not figuring the negative impacts of energy into its cost (e.g., the effects of air pollution from fossil fuel combustion) • Unpriced benefits: not figuring the positive impacts of energy into its cost (e.g., the reduced air pollution due to cleaner energy production) • Insufficient and inaccurate information: consumers not informed about energy (e.g., electricity bills do not detail the energy consumption of specific end uses) Market barriers (nonmarket failure barriers that hinder energy efficiency implementation) • Low priority of energy issues: conventional energy is still relatively cheap, and consumers typically do not understand negative externalities of conventional energy • Capital market barriers: limited access to capital and high interest rates can inhibit energy efficiency improvements • Incomplete markets for energy efficiency: energy efficiency is an inseparable part of many products, limiting consumer choice (e.g., fuel economy is not a separate option for automobiles) 
Summary
This report summarizes findings from seven focus-group meetings held in 2002 throughout Oregon with people involved in PV delivery, education, and installation (6-10 people per focus group). The purpose was to learn about market barriers, opportunities, and requirements from people knowledgeable about PV in preparation for launching a PV program in Oregon. The consensus barriers are shown below.
Barriers identified
• High initial up-front cost is biggest barrier to PV • Financing difficult to get; need easy access and a consistent approach to financing • Difficult path to PV: current implementation of PV systems requires significant consumer knowledge and patience; need a set of steps for making an intelligent PV purchase decision; also need easily accessible incentives • Lack of training: trained, qualified installers and inspectors needed • Lack of communication: potential customers must hear consistent message about merits of PV from many sources so they are confident to make the purchase; accessible demonstration projects should be used to communicate PV information to the public • Lack of credibility: need credible endorsements of PV to instill consumer confidence; implicit endorsements include utility PV programs and government tax credits • Inconsistent inspection process: inspection process varies by community and should be streamlined to reduce delays • Current Oregon and federal tax structure favors commercial systems • Failure to account for full value: ancillary value of PV must be emphasized, e.g., added resale value for homes with PV, pride of ownership, status, and environmental value Technologies considered: Solar thermal, PV Method: Surveys administered to 100 solar power "early adopters" and 1,000 members of the assumed solar power "early majority" in the United Kingdom; differences between the groups' attitudes indicate barriers to solar power adoption
Geographic focus: United Kingdom
Summary This paper uses Diffusion of Innovations theory to determine attitudes toward characteristics of solar systems and barriers to adoption. Surveys were administered to two types of homeowner in central England: "early adopters" (who have already purchased solar power systems) and an assumed "early majority" (who have invested in energy efficiency measures but not solar power). Attitudes toward various characteristics of solar power systems are isolated to determine which characteristics are preventing the pragmatic early majority from adopting solar power. Recommendations for bridging the "chasm" between the early adopters and early majority are given. 
Barriers identified
Summary
This report summarizes observations and lessons learned from 2 years of operating the Florida PV Buildings Program, a collaborative effort among the Florida Energy Office of the Department of Community Affairs, Sandia National Laboratories, the PV industry, the Florida Solar Energy Center, and nine end-user groups: municipal utilities and rural electric cooperatives, commercial building owners and operators, government and public agencies, school and church organizations, manufactured building corporations, investor-owned utilities and energy service companies, commercial roofing companies, builders and developers, and homeowners and buyers.
Barriers identified
• Difficult interconnection: cumbersome and inappropriate interconnection requirementsincluding technical, insurance, metering, and billing issues-are single greatest barrier to development of market for customer-owned, grid-tied PV systems • Lack of communication: must communicate relevant technical information regarding personnel safety, equipment protection, power quality, and reliability of service to utilities • Liability: some utilities more concerned about precedence setting and liability than technical issues; some utilities in Florida and across the United States are using the liability insurance issue to stop PV system installations • Resistance to net metering: utilities expressed concerns about net metering and appear unwilling to yield • High cost: need direct sales of multiple PV systems to utilities to bring down costs; standardizing and packaging of PV systems needed to bring installed prices down; transaction costs for individual sales of grid-tied PV systems are very high and make technology unattractive to many potential end users 
Barriers to renewable electricity production: technological inertia • Difficulty integrating renewable electricity generation with the dominant central-station generation system because of restricted controllability and manageability of renewable sources • Inability of renewable sources to achieve the scale necessary to become a significant component of large-scale electricity systems, i.e. the scale of electricity demand is too large compared with the scale of electricity supply renewable sources can provide • Tendency of electrical systems only to integrate innovations that do not deviate too much from dominant technological trajectories (e.g., biomass is more easily accepted because it employs a similar technology as fossil fuel combustion) • Likelihood of energy market liberalization leading to further development of currently operating generation technologies Barriers to renewable electricity consumption: technology and consumption "lock-in" • Lock-in of consumers into conventional electricity consumption patterns, i.e. receiving electricity from a monopoly provider without need to make choices • Lack of consumer knowledge about electricity supply options as well as their own electricity consumption and its environmental consequences • Presence of network externalities for early adopters, i.e. individual choices make little difference to overall environmental impact of electricity production • Tendency of consumers to see choices about environmental impacts of electricity as the responsibility of utilities and regulators • Differences in consumption styles (e.g., the style of "eco-niche" families vs. that of mainstream, "inconspicuous" families) make communication and diffusion of electricity consumption choices across diverse groups of people difficult Technologies considered: Clean energy technologies (e.g., ethanol plant, PV manufacturing facility, apartment water-metering equipment, landfill-gas electricity generation, hybrid-electric delivery trucks)
Method: Financial analysis
Geographic focus: United States
Summary
This report summarizes the importance of project financing for clean energy technology deployment as well as key challenges to financing clean energy projects and ways to address these challenges.
Barriers identified
• Risks associated with financing clean energy projects ⎯ Technology risk: concern that a technology will underperform or become obsolete prematurely; lack of information/experience to make comparisons with other energy technologies ⎯ Creditworthiness risk: concern by lenders about project's ability to service debt from project cash flow; lack of maturity of company and technology, and lack of proven acceptance in the marketplace ⎯ Revenue security risk: need for revenue security over the time required to pay back capital investment ⎯ Market competition risk: concern by financiers about high capital cost of clean energy projects and lower cash flows compared with traditional energy sources • Small-scale and related cost issues: competitive disadvantage of clean energy projects because they are smaller than traditional energy projects, making the impact of due-diligence and transaction costs much greater on the smaller projects 
Summary
This paper describes renewable energy technologies and their growth rates, then uses an innovation system perspective to provide an analytical framework for studying how these new technologies may transform the energy sector. It also outlines issues that must be researched to understand the transformation of the energy system into one that employs more renewable energy. 
Barriers identified
Summary
This paper reviews and discusses the major U.S. electricity sources, the changing regulatory environment for the electricity industry, U.S. government policies used to promote green electricity, and factors influencing the development of green power markets.
Barriers identified
• Relatively high cost of electricity from renewable energy sources • Price distortions due to unaccounted-for external costs or direct subsidies 
Summary
This paper summarizes the resource potential of renewable energy technologies, examines economic barriers to renewable energy, and provides recommendations for government policies related to renewable energy.
Barriers identified "Uneven playing field," i.e., direct and indirect subsidies for conventional energy • Inexpensive domestic energy rates • Export credit guarantees for conventional energy • Government underwriting of accidents for nuclear plants • Failure to internalize environmental costs of conventional energy • Failure to internalize risks of supply disruption from importing fossil fuels • Failure to internalize energy security benefits of renewable sources Market barriers • Electricity market designed for conventional, centralized power plants • Wind, solar, and wave energy output cannot be predicted accurately enough at the time of the liquid day-ahead market, thus these sources sell at lower prices than they should • Electricity companies will manipulate energy market-selling above cost in short-term market when renewable output is low and buying below cost in long-term market when renewable output is high-reducing renewable energy revenue and creating production inefficiencies • Vertically integrated companies have incentive to obstruct renewable energy if it benefits conventional/existing assets • Less-capable companies increase cost of decentralized generation by using inappropriate procedures • Renewable energy sources are small compared with required infrastructure expansion, i.e. it can be cost prohibitive to install infrastructure solely for a small renewable energy project • Regulatory constraints on long-term electricity contracts create a risk premium that affects capital-intensive technologies, such as renewables and nuclear, more than technologies with high fuel costs, such as fossil fuel plants • Regulators reinforce bias against capital-intensive technologies by failing to reward the small contribution of intermittent sources toward meeting peak demand • Short-term electricity market contracting reinforces cyclical investment patterns that hinder small industries 
Technologies considered: PV
Method: Industry-government-university workshops
Geographic focus: United States
Summary
The roadmap-developed with industry, government, and university input-is a vision and planning document for U.S. PV research, technology, manufacturing, applications, market development, and policy through 2020. It includes a chapter on technical, market, and institutional barriers (market and institutional barriers discussed below). 
Barriers identified
Summary
This paper defines the architectural design process and identifies barriers to incorporating building-integrated PV in the process. Suggestions are given for overcoming the barriers.
Barriers identified
• Lack of integration with typical building process: including lack of integration with building materials, the building design process, codes and standards, the organizational structure (i.e. lack of awareness of PV by architects, engineers, contractor, facility manager, and owner), and building components (constructability, aesthetics, service/performance, and cost) • Lack of common language: undefined language among various building professionals creates a gap between PV technology and the architectural design process • Mismatched potential: this includes mismatch between energy needs of the building and capability/productivity of the PV system, between architectural design specifications and PV characteristics, between system durability and local climate, and between aesthetics of the PV system and aesthetics of the building and surroundings • Unknown performance: the value of electricity generated by the building-integrated PV system is difficult to assess, making it difficult to secure financing • Lack of economic analysis: Building an economic case for building-integrated PV is hindered by lack of complete financial and technical data, including cost-reducing factors (e.g., energy cost savings, tax credits, and increased rents) and hard-to-quantify benefits (e.g., enhanced power reliability, improved public image, and improved visual impact) 
Technologies considered: PV (utility focus)
Method: Interviews with TEAM-UP participants, review of final venture reports from TEAM-UP rounds 1 through 3 and various Solar Electric Power Association presentations and publications
Geographic focus: United States
Summary
These six reports document information gained from the 35 TEAM-UP (Technology Experience to Accelerate Markets in Utility Photovoltaics) ventures-TEAM-UP was a DOE-utility industry cost-shared program, started in 1994, focused on installing and demonstrating PV systems.
Barriers identified
• High cost and lack of adequate government incentives/subsidies to reduce cost • Lack of marketing: lack of consumer education; lack of emphasis on nonfinancial benefits of PV • Installation and maintenance issues: lack of electricians trained in PV; general lack of familiarity with PV among relevant personnel; lack of standardized interconnection requirements • Lack of equitable net-metering guidelines • Lack of financing incentives that make PV purchases easier • Lack of community involvement and support • Lack of compatibility between components, leading to below-expectations performance • Lack of PV equipment supply • Aesthetics issues: homeowners worried about appearance of PV; systems optimized for appearance not performance 
